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FIG. 4

O

F/f

i

11

—h

< W =1f2




U.S. Patent Nov. 3, 2015 Sheet 5 of 6 US 9,174,402 B2

FIG. 5A

FIG. 5B
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1
METHOD FOR MANUFACTURING CLIMATE
CONTROL DUCT, AND CLIMATE CONTROL
DUCT

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a divisional application of co-pending
U.S. application Ser. No. 12/893,782, filed on Sep. 29, 2010,
which claims priority to Japanese Patent Application Nos.
2009-228875 filed on Sep. 30, 2009, and 2010-187295 filed
on Aug. 24, 2010. The entire contents of each of the above-
noted related documents are hereby incorporated herein by
reference.

BACKGROUND

1. Technical Field

The present invention relates to a method for manufactur-
ing a climate control duct for use in automobiles and the like,
and also relates to such a climate control duct.

2. Related Art

There has been known a climate control duct for vehicles,
which guides climate control air to be supplied from an air
conditioner unit into a desired site (e.g., refer to Patent Docu-
ment 1). The climate control duct for vehicles has lattice-
shaped protuberances formed on an outer peripheral surface
thereof. The protuberance is allowed to prevent a drop of
condensed moisture adhering to the surface of the duct.

There has also been known a duct for air coolers, which is
formed of a blow-molded foam (e.g., refer to Patent Docu-
ment 2). The duct for air coolers is excellent in heat insulating
property because of a large number of independent bubbles
contained therein. In addition, the duct for air coolers has a
groove formed on an outer peripheral surface thereof, and the
groove is formed in a “V” shape when being seen in a cross
section thereof. The groove is allowed to prevent a drop of
condensed moisture because the condensed moisture is
retained at a bottom thereof. Herein, the duct has a protrusion
formed on an inner circumferential surface thereof in corre-
spondence with the groove. The protrusion is allowed to
prevent an increase in amount of condensed moisture adher-
ing to the outer peripheral surface so as to encourage stagna-
tion of air flow near the inner circumferential surface.

The documents that describe the related art are listed
below.

Patent Document 1: JP 07-257149 A

Patent Document 2: JP 2006-017392 A

With regard to conventional climate control ducts such as
the climate control duct described in Patent Document 1 and
the duct described in Patent Document 2, however, when an
outer peripheral surface is configured to have irregularities
formed thereon, an inner circumferential surface is also con-
figured to have irregularities formed thereon (e.g., see F1G. 10
in Patent Document 1 and see FIG. 4 in Patent Document 2).

These irregularities result in stagnation of air near the inner
circumferential surface of the climate control duct to hinder
climate control air from passing through the duct. Conse-
quently, there arises a problem that the irregularities formed
on the inner circumferential surface causes reduction in ven-
tilation efficiency.

Inacase of molding a climate control duct in such a manner
that a foamed resin is subjected to blow molding, further, the
foamed resin is not embedded so much in a groove of a mold.
Consequently, there is a possibility that a shape of a protru-
sion to be formed on the outer peripheral surface of the duct
differs from a target shape. In this case, further, there is a

15

30

35

40

45

50

55

2

possibility that the duct fails to satisfactorily exhibit the
advantage of preventing the drop of condensed moisture.

SUMMARY

The present invention has been devised in view of the
circumstances described above. It is one object of the present
invention to provide a method for manufacturing a climate
control duct, the method capable of improving a characteris-
tic of transferring a shape of a protrusion onto a surface of a
duct and capable of preventing reduction in ventilation effi-
ciency. It is another object of the present invention to provide
a climate control duct capable of allowing a protrusion
formed on a surface thereof to retain condensed moisture with
increased reliability and capable of improving ventilation
efficiency.

(1) The present invention provides a method for manufac-
turing a climate control duct having a protrusion formed on an
outer peripheral surface thereof. The method includes mold-
ing an extruded foamed resin by use of a duct-shaped mold, in
which a groove for transfer of a shape of the protrusion is
formed on at least part of a surface thereof, while fitting the
foamed resin to the shape of the mold by use of a pressurized
fluid. Herein, the following relations are satisfied:

0.5mm<D<5mm,
D<W<4xD,and

W<2xT,in which

W represents a width of the groove, D represents a depth of
the groove, and T represents a thickness of the foamed resin.

According to this configuration, in the mold, the width W
of the groove is larger than the depth D of the groove. As a
result, the foamed resin is embedded in the groove of the mold
with ease at the time of molding. Therefore, it is possible to
form a protrusion which satisfactorily protrudes from the
surface of the duct.

Further, the width W of the groove of the mold is smaller
than two times of the thickness T of the foamed resin. As a
result, even in a case where the foamed resin is embedded in
the groove, a deep recess is hard to be formed on an inner
circumferential surface of the duct. Therefore, it is possible to
prevent ventilation of gas in the duct from being hindered.

Herein, the foamed resin may be extruded in a cylinder
shape or in a sheet shape.

(2) Preferably, the groove has an inner surface subjected to
blasting.

According to this configuration, air interposed between the
inner surface of the groove and the foamed resin is escaped
externally with ease at the time of molding. As a result, the
foamed resin is embedded in the groove with ease.

(3) Preferably, the inner surface of the groove has a degas-
sing hole opened thereon so as to communicate with an out-
side of the mold.

According to this configuration, air interposed between the
inner surface of the groove and the foamed resin is escaped
externally with ease at the time of molding. As a result, the
foamed resin is embedded in the groove with ease.

(4) Preferably, an angle of the dug groove is not less than
45°.

According to this configuration, a protrusion on the surface
of'the molded duct becomes large in rise angle. Therefore, it
is possible to retain condensed moisture with increased reli-
ability by virtue of the protrusion.

(5) The present invention also provides a climate control
duct obtained by molding a foamed resin while fitting the
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foamed resin to a shape of a mold by use of a pressurized fluid.
The duct includes a protrusion formed on an outer peripheral
surface thereof. Herein, the following relations are satisfied:

0.5mm<Hae<5mm,
2xHa<Wa<5xHa,
Wa<3xTa,and

Da/Ha<0.7,in which

Wa represents a width of the protrusion, Ha represents a
height of the protrusion, Ta represents a thickness of a wall at
a portion where the protrusion is not formed, and Da repre-
sents a depth of a groove to be formed on an inner circumfer-
ential surface in correspondence with the protrusion.

According to this configuration, the protrusion satisfacto-
rily protrudes from the surface of the duct, and therefore
retains condensed moisture adhering to the surface with ease.
Therefore, it is possible to prevent a drop of condensed mois-
ture from the duct.

Further, the depth Da of the groove to be formed on the
inner circumferential surface of the duct in correspondence
with the protrusion is small. Therefore, it is possible to pre-
vent ventilation of gas in the duct from being hindered.

(6) Preferably, the protrusion has a rise angle of not less
than 45°.

According to this configuration, it is possible to retain
condensed moisture with increased reliability by virtue of the
protrusion.

According to the present invention, it is possible to provide
a method for manufacturing a climate control duct, the
method capable of improving a characteristic of transferring
a shape of a protrusion onto a surface of a duct and capable of
preventing reduction in ventilation efficiency. According to
the present invention, it is also possible to provide a climate
control duct capable of allowing a protrusion formed on a
surface thereof to retain condensed moisture with increased
reliability and capable of improving ventilation efficiency.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objects, features, aspects and
advantages of the invention will become more apparent from
the following detailed description when taken in conjunction
with the accompanying drawings, in which:

FIG. 1 is a general schematic view illustrating a duct
according to one embodiment;

FIG. 2 is a sectional diagrammatic view illustrating the
duct taken along a line X-X in FIG. 1;

FIG. 3 is a sectional diagrammatic view illustrating a
method of forming the duct illustrated in FIG. 1 by blow
molding;

FIG. 4 is an enlarged diagrammatic view illustrating a
portion near a surface of a mold illustrated in FIG. 3;

FIGS. 5A and 5B are sectional diagrammatic view each
illustrating a shape of a groove formed on amold according to
a modification example; and

FIG. 6 is a perspective diagrammatic view illustrating a
configuration that a communicating hole is formed on a
groove of a mold.

DESCRIPTION OF EMBODIMENTS

Preferred embodiments of the present invention will be
described below with reference to the accompanying draw-
ings, in which like reference characters designate similar or
identical parts throughout the several views thereof.
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FIG. 1 is a general schematic view illustrating a duct 1
according to one embodiment of the present invention.

The duct 1 is a climate control duct for use in a side vent
provided near a driver seat of an automobile, and is molded in
such a manner that a foamed resin is subjected to blow mold-
ing.

A foamed resin to be used herein may principally contain a
polypropylene-based resin, for example. Herein, a polypro-
pylene-based resin to be used herein may be mixed with a
hydrogen-added styrene-based thermoplastic elastomer.

A polypropylene-based resin to be used herein is not par-
ticularly limited. However, there is preferably used a polyole-
fin-based resin having an ethylene unit or a propylene unit in
a molecule. Examples of this resin may include a polypropy-
lene resin, an ethylene-propylene block copolymer, and the
like.

A foaming agent to be used herein may be a physical
foaming agent or a chemical foaming agent. Herein, a physi-
cal foaming agent and a chemical foaming agent may be used
together. Examples of a physical foaming agent may include
inorganic foaming agents such as air, carbonic acid gas, nitro-
gen gas and water, organic foaming agents such as butane,
pentane, hexane, dichloromethane and dichloroethane, and
the like. Moreover, examples of a chemical foaming agent
may include sodium bicarbonate, citric acid, sodium citrate,
azodicarbonamide and the like.

As illustrated in FIG. 1, in an outer peripheral surface of the
duct 1, protrusions are formed on two side surfaces, a bottom
surface and a top surface so as to protrude from the respective
surfaces. The protrusions include a plurality of first protru-
sions 2A extending in a longitudinal direction of the duct 1,
and a plurality of second protrusions 2B formed so as to
intersect the first protrusions. These protrusions are formed
integrally with a main body of the duct 1 by blow molding.

Condensed moisture generated on the surface of the duct is
retained at a recessed area surrounded with the first protru-
sions 2A and the second protrusions 2B. Thus, it is possible to
prevent a downward drop of the condensed moisture from the
duct.

FIG. 2 is a sectional diagrammatic view illustrating the
duct 1 taken along a line X-X in FIG. 1.

In FIG. 2, Ha represents a height of the second protrusion
2B protruding from the outer surface of the duct, Wa repre-
sents a width of the second protrusion 2B in a longitudinal
vertical section (a cross section which is perpendicular to a
direction of extension of the second protrusion 2B), Da rep-
resents a depth of a groove 3 formed on an inner surface ofthe
duct in correspondence with the second protrusion 2B, and Ta
represents a thickness of a sidewall of the duct.

Herein, the following relations are satisfied:

0.5mm<Hae<5mm,
2xHa<Wa<5xHa,
Wa<3xTa,and

Da/Ha<0.7.

The width Wa of the protrusion is measured as a clearance
between ends pl and p2 of plane portions located on both
sides of the protrusion in the vertical section of the protrusion
(i.e., the cross section which is perpendicular to the direction
of'extension ofthe protrusion). Moreover, the height Ha of the
protrusion is measured as a distance from an apex of the
protrusion to a straight line connecting between the ends p1
and p2 of the plane portions located on both the sides of the
protrusion. Further, the depth Da is measured as a distance
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from a deepest position of the groove 3 to a straight line
connecting between ends q1 and q2 of plane portions located
on both sides of the groove 3.

The thickness Ta of the sidewall of the duct is determined
in accordance with the following procedure. That is, this
procedure involves cutting the duct in a direction which is
perpendicular to the direction of extension of the protrusion,
measuring thicknesses of two plane portions (portions where
no protrusion is formed) located on both sides of the protru-
sion in the vertical section, respectively, and determining an
average value of the thicknesses of the two plane portions.
This average value corresponds to the thickness Ta.

For example, the duct 1 according to this embodiment can
be formed such that Ha becomes equal to 0.8 mm, Wa
becomes equal to 2.8 mm, Ta becomes equal to 1.5 mm and
Da becomes equal to 0.5 mm with regard to the second pro-
trusion 2B.

Moreover, the first protrusion 2A to be formed herein is
equal in Ha, Wa, Da and Ta to the second protrusion 2B.

It is not indispensable for the first protrusion 2A and the
second protrusion 2B to be equal to each other with regard to
Ha, Wa, Da and Ta. With regard to Ha, Wa, Da and Ta, the
protrusions 2A and 2B may be changed appropriately within
such a range as to satisfy the relations described above.

As illustrated in FIG. 2, moreover, the second protrusion
2B has a sectional contour which is gently curved from the
sidewall of the duct to the apex of the protrusion.

Further, the second protrusion 2B is formed such that an
angle 0a between a predetermined tangent A which comes
into contact with the sectional contour of the second protru-
sion 2B and a plane B which is identical with the sidewall of
the duct (hereinafter, referred to as a rise angle 0a) is larger
than 45°. Among tangents coming into contact with the sec-
tional contour ofthe second protrusion 2B, the predetermined
tangent A corresponds to one which is largest in gradient with
respect to the plane B.

(Method of Molding Duct)

The duct 1 can be molded in accordance with the following
method.

FIG. 3 is a sectional diagrammatic view illustrating the
method of forming the duct 1 illustrated in FIG. 1 by blow
molding.

First, a foamed resin mixture is kneaded in an extruder (not
illustrated), and then is retained at an accumulator (not illus-
trated) in a die. Next, when the foamed resin mixture is
retained by a predetermined amount, a ring-shaped piston
(not illustrated) is pressed down in a vertical direction with
respect to a horizontal direction.

The foamed resin mixture is extruded as a cylinder-shaped
foamed parison 11 (a foamed resin) from a die slit of an
extrusion head 10 illustrated in FIG. 3 toward a position
between split mold blocks 12 at an extrusion speed of not less
than 700 kg/hr.

Thereafter, the parison 11 is inserted between the split
mold blocks 12 in such a manner that the split mold blocks 12
are clamped. Further, air (a pressurized fluid) is blown into the
parison 11 at a pressure within a range from 0.05 to 0.15 MPa.
Thus, the duct 1 is formed.

Herein, it is not indispensable to extrude the foamed resin
in a cylinder shape. For example, the duct 1 may be molded as
follows. That is, the foamed resin is extruded in a sheet shape.
Then, this sheet-shaped foamed resin is pushed into the mold
by use of a pressure of air (a pressurized fluid) so as to be
closely attached to the mold.

Moreover, it is not indispensable to obtain the foamed
molded body by the blow molding as described above. For
example, the foamed molded body may be obtained by
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6

vacuum forming that involves attaching the extruded foamed
resin to the mold 12 by suction to mold the foamed resin into
the predetermined shape.

FIG. 4 is an enlarged diagrammatic view illustrating a
portion near a surface of the mold illustrated in FIG. 3.

The protrusion to be formed on the surface of the duct is
formed in such a manner that a shape of a groove 12a on the
mold 12 illustrated in FIG. 4 is transferred onto the surface of
the parison 11.

The groove 124 of the mold 12 is formed such that a width
W and a depth D satisfy the following relations:

0.5mm<D<5mm,and

D<W<4xD.

Herein, the width W of the groove is measured as a clear-
ance between ends 1 and £2 of mold plane portions F located
on both sides of the groove, in a vertical section of the groove
(i.e., a cross section which is perpendicular to a direction of
extension of the groove). Moreover, the depth D is measured
as adistance from a deepest position in the groove to a straight
line connecting between the ends 1 and {2 of the mold plane
portions F located on both the sides of the groove.

For example, the groove 12a of the mold 12 is formed to
satisty relations: D=1 mm, and W=3 mm.

As illustrated in FIG. 2, in this embodiment, both the sides
in the groove width direction are formed to have an arc shape
which is 1 mm in radius. Moreover, the middle portion in the
groove width direction is formed to have a plane shape which
is 1 mm in width.

In the blow molding, a thickness T of the parison 11 to be
extruded is adjusted such that the thickness T of the parison 11
immediately before the parison 11 is inserted between the
split mold blocks 12 (immediately before blowing the parison
11) satisfies the following relation:

W<2xT.

In this embodiment, the parison is extruded from the
extruder such that the thickness T of the parison immediately
before the parison is inserted between the split mold blocks is
set at about 2.5 mm, for example.

The thickness T of the parison is measured as follows.

Water is sprayed onto the parison pushed out from the die
slit (i.e., the parison immediately before being inserted
between the split mold blocks), so that the parison is cooled
and solidified without a blow pressure being applied thereto.
Thereafter, the parison is cut in a direction perpendicular to
the direction of extrusion, and a thickness of the cut parison is
measured in cross section. Herein, the parison is cut at three
positions corresponding to an upper end, a center and a lower
end of the mold. At each position, thicknesses at six sites are
measured at regular intervals in a circumferential direction.
An average value of the 18 thicknesses thus measured is
calculated as the thickness T.

In a longitudinal vertical section of the groove 124, desir-
ably, an angle 0 between a predetermined tangent A' which
comes into contact with an inner shape of the groove 12a and
a plane B' which is identical with the plane portion F of the
mold 12 (hereinafter, referred to as an angle 0 of the dug
groove) is larger than 60°. Among tangents coming into con-
tact with the inner shape of the groove 124, the predetermined
tangent A' corresponds to one which is largest in gradient with
respect to the plane B'.

Thus, a rise angle 0a of the protrusion to be formed on the
duct is set to be larger than 45° with ease.
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In the mold 12 according to this embodiment illustrated in
FIG. 4, the angle 0 of the dug groove 12a is 90°. As illustrated
in FIG. 5A, however, an angle 6 of a dug groove 126 may be
set at not more than 90°.

As illustrated in FIG. 5A, moreover, the plane portion F on
the surface of the mold and an inner surface of the groove 126
may communicate with each other through a corner portion.
As illustrated in FIG. 5B, alternatively, the plane portion F on
the surface of the mold and an inner surface of a groove 12¢
may smoothly communicate with each other.

When the mold is configured and the thickness of the
parison is adjusted as described above, the foamed resin is
embedded in the groove of the mold with ease at the time of
molding. Therefore, it is possible to form a protrusion which
satisfactorily protrudes from the surface of the duct and to
reduce a possibility that a deep recessed shape (i.e., a deep
groove) is formed on the inner circumferential surface of the
duct.

Thus, it is possible to mold a duct that is allowed to prevent
a downward drop of condensed moisture generated on a sur-
face thereof with increased reliability and to be hard to hinder
ventilation of gas therein.

Herein, when the duct is molded under such a condition
that an expansion ratio of the molded duct is not less than 1.5
times, an influence due to a fact that the outer peripheral
surface of the duct is deformed along the mold is hard to be
exerted on the inner circumferential surface of the duct.
Therefore, the depth of the groove to be formed on the inner
circumferential surface of the duct can be set smaller. In
addition, when the expansion ratio is not less than 1.5 times,
the molded duct can be reduced in weight and can be ensured
in heat insulating property.

Moreover, when the duct is molded under such a condition
that an expansion ratio of the molded duct is larger than 5.0
times, the foamed resin is not embedded so much in the
groove of the mold since the foamed resin is hard to expand at
the time of molding. In view of the fact described above,
preferably, the duct is molded under such a condition that the
expansion ratio of the molded duct is not more than 5.0 times.
More preferably, the duct is molded under such a condition
that the expansion ratio of the molded duct falls within arange
from 1.5 times to 3.0 times.

Moreover, when the duct is molded under such a condition
that an average bubble diameter of the molded duct exceeds
200 pum, the foamed resin is not embedded so much in the
groove of the mold because of the bubble serving as resis-
tance. In view of this fact, preferably, the duct is molded under
such a condition that the average bubble diameter of the
molded duct is not more than 200 pm. More preferably, the
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duct is molded under such a condition that the average bubble
diameter is not more than 100 pm.

When the inner surface of the groove is subjected to blast-
ing, air which is interposed between the inner surface of the
groove and the foamed resin is escaped externally with ease at
the time of molding. Thus, the foamed resin is embedded in
the groove with great ease.

As shown in FIG. 6, moreover, a communicating hole (a
degassing hole) 13 for communicating with the outside of the
mold may be opened on the inner surface of the groove 12a of
the mold 12.

According to this configuration, air which is interposed
between the inner surface of the groove 12a and the parison
11 can be escaped externally with ease at the time of molding.
Thus, the parison 11 is embedded in the groove with great
ease.

Since the communicating hole 13 is opened at the deepest
position of the groove 124, this opening is hard to be clogged
with the parison 11. Therefore, the air can be escaped exter-
nally with increased reliability.

Alternatively, a plurality of communicating holes 13 for
communicating with the outside may be opened along the
groove 12a of the mold 12. Thus, it is possible to further
improve a characteristic of transferring the shape of the pro-
trusion.

EXAMPLES

A foamed parison having a predetermined thickness was
molded into a duct shape by use of a mold having a predeter-
mined groove shape (W: a width, D: a depth). Thereafter,
measurements were carried out with regard to a height Ha of
aprotrusion formed on an outer peripheral surface of the duct,
a width Wa of the protrusion, a depth Da of a groove formed
on an inner circumferential surface of the duct, and a thick-
ness Ta of a wall of the duct. Table 1 shows evaluation results.

In a column of the height Ha of the protrusion and a column
of the depth Da of the groove on the inner circumferential
surface of the duct in Table 1, a ratio (%) of the height Ha and
depth Da to the depth D of the groove of the mold is addi-
tionally described.

In Table 1, No. 3 indicates a result in a case where an inner
surface of the groove is subjected to blasting. Also in Table 1,
No. 4 and No. 5 each indicate a result in a case where a
communicating hole for communicating with an outside of
the mold is opened on a bottom of the groove.

A foamed resin to be used herein is a mixture of 3 parts by
weight of 80% talc master batch and 1 part by weight of black
master batch with a mixed resin obtained by mixing polypro-
pylene (HMS-PP:block PP=70:15) and polyethylene (LL-
DPE) at a ratio of 85:15.

TABLE 1
Foamed Molded duct
Mold resin sheet Protrusion Protrusion Recess shape
Groove width ~ Groove depth Groove Thickness  height width depth Wall thickness
W (mm) D (mm) processing T(mm) Ha(mm) Wa(mm) Da (mm) Ta (mm)

No. 1 3 1 — 2.5 0.64 2.8 0.30 1.5
64% 30%

No. 2 3 1.5 — 2.5 0.9 2.8 0.43 1.5
60% 29%

No. 3 3 1 Subjected to 2.5 0.71 2.7 0.33 1.5
blasting 71% 33%

No. 4 3 1 With 2.5 0.76 2.6 0.34 1.5

communicating

76% 34%

hole
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TABLE 1-continued
Foamed Molded duct
Mold resin sheet Protrusion Protrusion Recess shape
Groove width  Groove depth Groove Thickness  height width depth Wall thickness
W (mm) D (mm) processing T (mm) Ha(mm) Wa (mm) Da (mm) Ta (mm)

No. 5 3 1.5 With 2.5 1.13 2.7 0.49 1.5

communicating 75% 33%
hole

No. 6 3 1 — 2 0.7 2.8 0.33 1.2
70% 33%

No. 7 4.5 2 — 3 14 4.1 0.67 1.8
70% 34%

No. 8 3 1 — 1.5 0.75 2.8 0.60 0.9
75% 60%

No. 9 1 1 — 2.5 0.42 0.9 0.20 1.5

42%

20%

Herein, the ductis molded such that a thickness Ta of a wall
surface ofthe molded duct (i.e., a portion where no protrusion
is formed) is about 60% of the thickness T of the foamed
parison before being subjected to blowing.

Moreover, the width Wa of the protrusion of the molded
duct is about 90% of the width W of the groove of the mold.

As shown in Table 1, in No. 1 to No. 7, as the implemental
examples of the manufacturing method of the present inven-
tion, the height of the protrusion formed on the outer periph-
eral surface of the duct is not less than 60% of the depth of the
groove of the mold. Accordingly, the shape of the groove of
the mold is favorably transferred onto the foamed parison.

Further, the depth of the groove formed on the inner cir-
cumferential surface of the duct is not more than 40% as
compared with the depth of the groove of the mold. In other
words, the depth of the groove can be prevented from being
excessively large in the inner circumferential surface of the
duct. In this case, it is possible to prevent stagnation of a flow
of air passing through the duct. That is, it is possible to
improve ventilation efficiency of the duct.

For example, the ventilation efficiency can be evaluated

40
based on the following equation:

Ventilation efficiency(%)=duct inlet air velocity(m/s)/
duct outlet air velocity (m/s)x100.

With regard to No. 8 (having conditions identical with
those of No. 6 except the thickness T of the foamed parison), 45
on the other hand, the depth of the groove formed on the inner
circumferential surface of the duct becomes large as com-
pared with that in No. 6. For this reason, the duct in No. 8 is
poor in ventilation efficiency as compared with the duct in
No. 6. 50

With regard to No. 9 (having conditions identical with
those of No. 1 except the width W of the groove of the mold),
moreover, the height of the protrusion formed on the outer
peripheral surface of the duct becomes low as compared with
that in No. 1. In other words, the case of using the mold in No. 55
9 is inferior in protrusion shape transferring characteristic to
the case of using the mold in No. 1.

It is apparent from the comparison between No. 1 and No.

3 that the protrusion formed on the outer peripheral surface of
the duct can be made higher in height in such a manner that the 60
groove of the mold is subjected to blasting. That is, it is
possible to improve the protrusion shape transferring charac-
teristic.

Moreover, it is apparent from the comparison between No.

1 and No. 4 and the comparison between No. 2 and No. 5 that 65
the protrusion formed on the outer peripheral surface of the
duct can be made higher in height in such a manner that the

communicating hole for communicating with the outside of
the mold is opened at the groove of the mold. That is, it is
possible to improve the protrusion shape transferring charac-
teristic.

With regard to No. 1 to No. 7, as shown in Table 2, in the
molded duct, the width Wa of the protrusion, the height Ha of
the protrusion, the thickness Ta of the wall, and the depth Da
of the groove formed on the inner circumferential surface
satisfy the following relations:

0.5mm<Hae<5mm,
2xHa<Wa<5xHa,
Wa<3xTa,and

Da/Ha<0.7.

TABLE 2

2xHa Wa S5xHa 3xTa Da Da/Ha Da/Wa

No. 1 1.28 2.8 3.2 4.5 0.3 0.47 0.11
No.2 1.8 2.8 4.5 4.5 0.43 0.48 0.15
No. 3 1.42 2.7 3.55 4.5 0.33 0.46 0.12
No. 4 1.52 2.6 3.8 4.5 0.34 045 0.13
No.5 2.26 2.7 5.65 4.5 0.49 043 0.18
No. 6 14 2.8 3.5 3.6 0.33 0.47 0.12
No.7 2.8 4.1 7 54 0.67 0.48 0.16
No. 8 1.5 2.8 3.75 2.7 0.6 0.80 0.21
No.9 0.84 0.9 2.1 4.5 0.2 0.48 0.22

With regard to the ducts in No. 1 to No. 7 and No. 9, the
depth Da of the groove on the inner circumferential surface of
the duct is smaller than 70% of the height Ha of the protru-
sion. Therefore, it is possible to prevent such a disadvantage
that the ventilation of the gas in the duct is excessively hin-
dered by the protrusion having a height capable of preventing
a drop of condensed moisture adhering to the surface of the
duct.

Desirably, the height of the protrusion is larger than 0.5 mm
in order to prevent a drop of condensed moisture adhering to
the surface of the duct. Also desirably, the height of the
protrusion is smaller than 5 mm in order to reduce the bulk of
the duct.

As a result of measurement about a rise angle 6a of the
protrusion of the duct, moreover, it was found out that the rise
angle Oa is larger than 45° in each duct.

As described above, it is possible to prevent a drop of
condensed moisture adhering to the surface of the duct with
increased reliability when the rise angle of the protrusion is
larger than 45°.
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With regard to the ducts in No. 1 to No. 7, a value of Da/Wa
is not more than 0.20, so that the groove on the inner circum-
ferential surface is formed gently as compared with those of
the ducts in No. 8 and No. 9 in which the value of Da/Wa
exceeds 0.20. Accordingly, the grooves on the inner circum-
ferential surfaces of the ducts in No. 1 to No. 7 are hard to
degrade the ventilation efficiency of the duct as compared
with the grooves on the inner circumferential surfaces of the
ducts in No. 8 and No. 9.

It is obvious from the experiments conducted by the
present inventors that in a case where a duct is formed by blow
molding, which is similar to that described above, from a
non-foamed resin rather than a foamed resin, a groove on an
inner circumferential surface of the duct, which corresponds
to a protrusion, becomes larger in depth as compared with the
case where the duct is formed from the foamed resin as
described above. Accordingly, it is possible to mold a duct
which is excellent in ventilation efficiency as compared with
a duct formed from a non-foamed resin (a solid duct), in such
a manner that a foamed resin is subjected to blow molding as
in the foregoing embodiment.

The present invention is not limited to a technique to be
applied to formation of a protrusion for preventing a drop of
condensed moisture. The present invention is also directed to
a technique which is applicable to formation of a character
using a protrusion on a surface of a duct. According to the
present invention, even in a case where a character is formed
using a protrusion on a surface of a duct, it is possible to
reduce such a possibility that the character hinders ventilation
of gas in the duct.

With regard to industrial applicability, the present inven-
tion is usable as a method for manufacturing a climate control
duct for use in automobiles and the like.

While the invention has been illustrated and described in
detail, the foregoing description is in all aspects illustrative
and not restrictive. It is therefore understood that numerous
modifications and variations can be devised without depart-
ing from the spirit and scope of the invention.

What is claimed is:

1. A mold for manufacturing a climate control duct having
aprotrusion formed on an outer peripheral surface thereofand
being formed from a foamed resin,

the mold comprising:

a groove provided on at least a part of a surface of the
mold for transfer of a shape of the protrusion, wherein
the following relation is satisfied:

D<W<4xD,in which

W represents a width of the groove and D represents a
depth of the groove, and
the following relation is satisfied:

0.5 mm<D<5 mm, in which

D represents a depth of the groove.
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2. The mold according to claim 1, wherein the following
relation is satisfied:

W<2xT,in which

W represents a width of the groove and T represents a

thickness of the foamed resin.

3. The mold according to claim 1, wherein

the mold is a duct-shaped mold for molding an extruded

foamed resin, and

the groove is provided for the transfer of the shape of the

protrusion while the extruded foamed resin is fitted to
the duct-shaped mold by use of a pressurized fluid.

4. A mold for manufacturing a climate control duct having
aprotrusion formed on an outer peripheral surface thereofand
being formed from a foamed resin,

the mold comprising:

a groove provided on at least a part of a surface of the
mold for transfer of a shape of the protrusion, wherein
the following relation is satisfied:

D<W<4xD,in which

W represents a width of the groove and D represents a
depth of the groove, and

the groove has an inner surface subjected to blasting.

5. The mold according to claim 1, wherein

the groove has an inner surface having a degassing hole
opened thereon so as to communicate with an outside of
the mold.

6. The mold according to claim 1, wherein

the groove has an inner surface having an angle of not less
than 45° in relation to the surface of the mold.

7. The mold according to claim 4, wherein

the following relation is satisfied:

W<2xT,in which

W represents a width of the groove and T represents a
thickness of the foamed resin.

8. The mold according to claim 4, wherein

the mold is a duct-shaped mold for molding an extruded
foamed resin, and

the groove is provided for the transfer of the shape of the
protrusion while the extruded foamed resin is fitted to
the duct-shaped mold by use of a pressurized fluid.

9. The mold according to claim 4, wherein

the groove has an inner surface having a degassing hole
opened thereon so as to communicate with an outside of
the mold.

10. The mold according to claim 4, wherein

the groove has an inner surface having an angle of not less
than 45° in relation to the surface of the mold.
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